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Hb  G  Hsi-Tsou  was  rouNO  in  Taiwan,  in  1964,  in  two  Chinese  sisters  who  were 
born  in  Hopei  Province.  Structure  analyses  now  have  shown  that  the  anomaly  in  this 

VARIANT  IS  at  THE8-79  OR  (BEFj  POSITION  WHERE  A  GLYCYL  GROUP  REPLACES  THE  A5PARTYL 
GROUP  NORMALLY  PRESENT  AT  THAT  LOCATION.  ANOTHER  HEMOGLOBIN  VARIANT  ROUNO  IN  CHI¬ 
NESE  subjects,  Hb  G  Taichung,  previously  has  been  reporteo  to  have  the  structure 
change  Asp-*  his  at  the  corresponoing  location  in  the  a  chain,  Position  CfF^  or 

a-7*». 

In  the  inoex  case  separations  or  the  hemoglobin  tractions  by  chromatography 
with  DEAE-Sephaoex  column  revealed  that  the  relative  amounts  or  Hbs  A0  ano  G  Hsi-Tsou 

WERE  54  ANO  46#  ,  RESPECTIVELY.  PRESENCE  OF  H3G  Hsi-TsOU  IN  THE  HETEROZYGOTE  APPARENTLY 
CAUSES  NO  ANEMIA. 
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SUMMARY 

Hb  G  Hsi-Tsou  was  found  in  Taiwan,  in  19(14,  in  two  Chinese  sisters  who  were 
born  in  Hopei  Province.  Structure  analyses  now  have  shown  that  the  anomaly  in  this 
variant  is  at  the  fi- 79  or  /(El ''3  position  where  a  glyoyl  group  replaces  the  aspartyl 
group  normally  present  at  that  location.  Another  hemoglobin  variant  found  in  Chi¬ 
nese  subjects,  Hb  G  Taichung,  previously  has  been  reported  to  have  the  structure 
change  Asp  ->  His  at  the  corresponding  location  in  the  a  chain,  Position  ul'ih'3  ora-74. 

i’n  the  index  case  separations  of  the  hemoglobin  fractions  by  chromatography 
with  DEAK-Sephudcx  column  revealed  that  the  relative  amounts  of  Mlis  A„  and  G 
Hsi-Tsou  were  54  and  4(1%,  respectively.  Presence  of  HbG  Hsi-Tsou  in  the  hetero¬ 
zygote  apparently  causes  no  anemia. 


INTRODUCTION 

A  hemoglobin  varum*  with  the  singly  slow  electrophoretic  mobility  in  alkaline 
pi  I  characteristic  of  G  hemoglobins  was  found  in  one  female  Chinese  adult  during  a 
population  survey1  in  19(14.  Kecently  the  variant,  named  G  llsi-Tsou,  was  examined 
by  chemical  structure  studies  and  found  to  have  a  single  amino  acid  substitution  in 
tlie/JTtj  peptide.  As  described  below,  the  aspartyl  group  normally  present  at  Position 
//- 79  (helical  No.  HF3)  is  replaced  by  a  glycyl  group;  accordingly,  Hb  G  Hsi-Tsou 
may  lie  represented  as  r ia/V“  A"p~*0ly. 

MATERIALS  AND  METHODS 

The  index  subject  with  Hb  G  Hsi-Tsou  was  a  45-year-okl  Chinese  woman 
who  was  born  in  Hopei  Province  of  mainland  China.  A  sister  of  the  index  subject 

‘  The  opinions  nml  assertions  contained  herein  arc  those  of  the  authors  and  are  not  to  he 
construed  as  official  or  reflecting  the  views  of  the  U.S.  Navy  Department  or  the  U.S.  Naval  Service 
at  large. 

“Mailing  address  from  IJ.S.:  I ’indications  Office,  U.S.  Naval  Medical  Research  Unit 
No.  1,  Box  14,  A  1*0  San  Francisco,  Calif.  96^63,  U.S. A. 
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also  was  found  to  have  the  variant.  In  Itoth  cases  the  subjects  were  heterozygotes 
with  mixtures  of  hemoglobins  A  and  (I 

The  standard  methods  of  chemical  structural  analysis  used  iu  the  present  study 
have  been  described  in  previous  reports1 

RESULTS  AND  DISCUSSION 

The  blood  hemolysate  was  examined  by  starch-gel  electrophoresis*  at  pH  fl.y 
and  both  libs  A  and  0  were  present.  Klectrophoresis  of  the  mixture  on  cellogel* 
showed  the  (I  hemoglobin  to  have  an  anomalous  /9-chain.  The  hemoglobin  mixture 
was  separated  by  column  chromatography10  with  DliAK  Sephadex  A  50-120  using 
a  Tris-  HCI  gradient  buffer  system7  The  two  major  components  were  measured 
spectrophotometrieally  in  the  column  effluent  and  the  ratio  of  lib  A0  to  Hb  G  was 
54  to  46. 

Hemoglobin  G  Hsi-Tsou  was  subjected  to  tryptic  digestion2  *  and  the  ]>eptidc 
mixture  examined  by  mapping11-12.  The  ninhydrin-stained  map  (I'ig.  1)  appeared 
normal  except  that  the  spot  generally  occupied  by  peptide  /9Ty,  Position  1,  was 
missing  and  a  new  spot  was  present  at  Position  2. 

Tor  further  analytical  work  the  abnormal  peptide,  /9°Ty,  was  separated7  from 
the  other  tryptic  peptides  by  electrophoresis  on  paper  for  2.5  h  at  3000  V  using  pyri¬ 
dine-acetate  bufier  at  pH  5.4,  followed  by  additional  electrophoresis  at  5000  V  for 
1.5  h  using  format'*  buffer  at  pH  i.y.  For  comparative  studies  normal  peptide /9ATy 


Fig.  1.  Peptide  map  made  from  tryptic  digest  of  purified  globin  from  lib  0  llsi-Tsou.  Details 
of  electrophoresis  and  chromatography  procedures  used  for  mapping  have  been  described  in  pre 
vious  reports4-*;  0.2%  ninhydrin  was  used  for  staining.  I’eptide  /JaTq,  which  normally  is  found 
at  Position  1  on  the  map,  is  missing.  Pnrallcl  to  that  position  chromatographirnlly  but  displaced 
to  the  left  clectrophoreticully  is  the  now  spot  at  Position  2,  As  described  in  the  text,  the  new  pep¬ 
tide  at  Position  2  was  found  to  have  nearly  the  same  amino  acid  composition  as  except 

for  one  more  glycyl  and  one  less  aspurtyl  group,  and  was  called  //<IT<».  The  faint  staining  pattern 
of  the  new  peptide,  like  that  normally  found  for  peptide  /DT<),  is  due  to  the  occurrence  of  a  villyl 
residue  at  the  N-torminnl  position.  Thu  increased  cathodal  mobility  of  peptide  compared 

with  that  of  /(AT<)  results  from  replacement  of  one  nspartyl  group  by  a  glycyl  group;  the  changed 
mobility  matches  the  slower  electrophoretic  mobility,  in  starch  gel  at  alkaline  pH,  of  Hb  C.  llsi- 
Tsou  compared  with  that  of  Hb  A„. 
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‘  Including  011c  Asn  residue. 


was  separated  from  its  |»eptide  mixture  in  the  usual  maimer4  ®.  Hotli  (icptidcs  were 
eluted  from  paper  with  o.t  M  acetic  acid  and  vacuum  dried. 

A  portion  of  hotli  purified  peptides  ftATi)  and  /MT<)  were  analyzed  for  amino 
acids  using  a  Teclmicou  amino  acid  analyzer.  Table  I  shows  that  a  glycine  residue 
replaces  either  an  aspartyl  or  an  asparaginyl  residue  in  thc/JTij  section  of  HI)  (•  Hsi- 
Tsou.  Hccausc  of  the  altered  electrophoretic  mobility  of  the  l!  Ilsi-Tsou  molecule,  it 
was  likely  that  glycine  replaced  an  aspartyl  residue  rather  than  a  neutral  asparaginyl 
residue.  Furthermore,  whereas  two  of  the  four  possible  sets  of  codons  for  glycine  can 
arise  from  those  of  aspartic  acid  by  a  single  base  transition,  the  same  relationship 
between  glycine  and  asparagine  does  not  exist,  Thus  it  appeared  most  likely  that 
glycine  replaced  one  of  the  two  aspartyl  residues  in  peptide  /JTi)  (big.  2)  cither  at 
Position  /F-73  or  //-71J.  To  determine  which  aspartyl  position  was  involved  the  9 
jieptide  was  partially  fragmented;  at  the  same  time  parallel  studies  were  made  with 
|x‘ptiiie  /JAT(). 

Samples  of  peptides  //ATt)  and  /f°T<)  wore  treated  in  sealed  evacuated  tubes  at 
uon  for  itt  h  with  0.03  M  MCI  to  cleave  selectively  the  peptide  linkages  involving  as- 


-Vul-Leu-Gly-Ala-l’hc-ScrjAsp  j  Gly-Leu-Aia-Hix-Leu-j  Asp  j  Asn  1  Leu  Lys 

67  72  I  73  I  74  78  I  79  I  80  !  81  82 

II  l|i 

Pepilde  (3aT9 

rig.  2.  Peptide  /fAT<>  ronluins  if>  amino  acid  residues  fcoii;  valyl  at  position  /Mi 7  to  lysyl  at  /MO. 
Aspartyl  residues  occur  ut  Positions  // - 7 3  and  /i- 70  and  one  asparaginyl  residue  is  located  at  Po¬ 
sition  /f-Ho.  Vertical  dashed  lines  indicate  the  |>eptidc  lionds  where  specific  hydrolytic  cleavages 
would  lie  expected  after  treatment  with  0.03  M  I  II  I  hydrolysis”.  The  heavier  dashed  lines  on 
both  sides  of  aspartyl  groups  at  Positions  /f-7  j  and  ft- 79  are  intended  to  emphasize  the  greater 
amount  of  selective  cleavage  at  those  positions  compared  with  that  occurring  between  /)- Ho  and 
/I- Hi .  In  tire  latler  case  the  asparaginyl  group  must  he  hydrolyzed  to  aspartyl  before  the  selective 
cleavage  occurs. 
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fKirtyl  r«*s»«liit**.,a  As  shown  m  I' 2  five  | h*| »t i<U*s  shoul<l  Ih‘  produced  l»y  lliis  treat 
incut  of  peptide  /f*T().  TImm"  include  two  larger  |H*|*t ides  the  neutral  hcx;i|>eptidc 
front  I'osition  ff-(>7  to/f-72  and  the  basic  |>enta|>e|>tide  from /J-74  to/f-78.  All  five  of 
the  |H‘|  it  ides  were  found.  In  addition,  free  aspartic  acid  was  identified ;  it  was  released 
from  Positions  /f-73  and  /f-7'1  by  the  selective  hydrolysis11  of  thc/fAT<)  |>e|>tide  under 
the  relatively  mild  hydrolytic  conditions  provided  at  no  by  0.03  M  11(1  All  live 
|H*ptides  from  /fA  I’q  bail  the  e.\|>ected  amino  acid  coni|Misitioiis.  No  sequence  studies 
were  made  011  the  five  peptides  init  amounts  of  individual  aiiiinn  acids  were  deter 
mined  in  select!  d  |H'ptidesu.  For  example,  the  basic  |>eutu|>cptidc  contained  one 
glycine,  two  leucines,  one  alanine  and  one  histidine.  From  these  data  and  the  known 
sequence  of  peptide  Tq  it  was  assumed  that  the  txmtapeptide  ban  the  structure 
(dy  Foil  Ala  Mis  l.eu.  Significantly,  as  described  below,  this  |>cptidc  was  nut  found 
ill  /i()  ft)  except  as  part  of  a  larger  peptide. 


11  1  1 

Vul  Leu  C>ly -Ah  Phc  Ser  J  As|  Icily  l.eu  Ala  Ills  Leu  lily  I  Asn  I  Leu -Lys 

6?  72  I  73  74  79  1  HO  |  81  82 

ll  I  1 


Pcplldc  0(:T9 

I" 'K •  .1-  I  Vptlile  ft'1 1  <),  like  /fA  I'u,  contains  1(1  iiiniDo  ac ill  residues  from  vulyl  nl  I'osillon  fl-uy  to 
lysyl  at  //-Mr.  I’mm  exporlnienliil  results  descrilieil  in  Hie  lext,  C.ly  replaces  Asp  at  Position  /l-79, 
I  ho  vertical  dashed  lines  Imliriite  the  peptule  IioiiiIm  which  would  lie  expected  to  undergo  specilic 
cleuviifje  from  hydrolysis  with  0.03  M  IH'i  hydrolysis". 


I  lie  same  study  ot  peptides  released  by  selective  deavnge  of  aspartyl  bonds  in 
peptide  /i°Tq  produced  differences  (Fig.  3).  Four  peptides  were  found  on  the  peptide 
map  instead  of  the  live  for  peptide  /M Tq.  One  netitml  hexupeptide  had  the  same  map 
location  and  the;  same  amino  acid  conqiosition  ns  the  neutral  liexapeptide  from  pep¬ 
tide  /JATq  and  was  judged  to  he  Vul  Feu-Gly  Ala  I’lie  Ser  from  positions  //-( 17  to 
(I-72.  Its  presence  indicated  selective  cleavage  between  Positions  ft-j/  and  /f-73  and 
thereby  showed  that  tile  aspartyl  group  must  still  he  at  Position  /i-73  in  /f«Tp  peptide 
as  it  is  in  ftATi)  peptide.  The  basic  pentapepHde  Glv  l.eu  Al<i  - 1 1  is  Feu  desciihed 
above  as  present  iu/JAT<)  was  not  present  in  the /F'Tq;  in  its  place  was  a  basic  peptide 
containing  two  glycine  and  two  leucine  groups  and  one  each  of  alanine  and  histidine. 
Phis  was  assumed  to  lie  the  hexa|«>ptide  (ily  Fen-Ala  1 1 is-Feti -fdy  which  would 
represent  Positions  /i-74  to  in  /f°Tq  including  the  new  glvcyl  residue  at  position 
replacing  the  aspartyl  group  found  at  that  position  in  /jATq,  In  addition  fi:«re 
was  a  basic  peptide  containing  glycine,  leucine,  alanine,  histidine,  asparagine  (as¬ 
partic  acid  after  hydrolysis  with  5.7  M  11(1  prior  to  amino  acid  analysis)  and  lysine. 

I  lii'1  was  assumed  to  be  the  larger  peptide,  illustrated  in  Fig.  3,  extending  from  gly- 
eine  at  Position  /i-74  to  C-terminal  lysine  at  /f- 82.  The  basic  dipeptide  leiicyllysine, 
representing  Positions /j-81  and  /T82,  also  was  found  as  in  peptide /iAT<),  Its  presence 
confirms  the  liydrolytic  cleavage  between  Positions  80  and  81,  No  tripeptide  con 
taining  aspartyl  or  asparaginyl  along  with  leucine  and  lysine  was  found  and  none 
would  he  expected  in  the  absence  of  aspartyl  at  Position  (i-jt). 
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Taken  together  t hi*  almve  >tf iittiirnl  data  indicate  that  «»f  the  two  (xissible 
positions,  fl- 7J  and  it  is  the  latter  position  where  glycvl  replaces  as|Mttyl  in  lll> 

(i  llsi  Tson 

III)  (i  list  Tson  rcprevMiH  tin1  second  liming'lobiii  variant  known  to  involve 
the  fl.-jK)  or /II  I*  J  jxisitioii  Tine  original  <1  hemoglobin  rc|x>i»cd  in  n>54  l*>*  HuiNfitoN 
and  I.I  IIMANN1*  was  later  called  U  Accra  and  shown1*  to  lie /i7<>  As|»  Ami.  Another 
variant  found  in  Chinese  subjects,  lib  <i  Taichung,  has  the  change  As|)  ►  His  at 
the  <1-74  or  nKI‘3  |x»sition17 

Thus  far  no  other  subjects  except  the  two  sisters  desrrilied  alrove  have  lieen 
found  with  lib  (i  llsi  Tsoii  The  variant  apparently  causes  no  anemia  in  the  carrier. 
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